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AB A process for carbonylation of a conjugated diene is carried out by 
reacting the conjugated diene with carbon monoxide and a hydroxyl 
group-containing compound in the presence of a palladium catalyst system in a 
reaction zone to produce-a-^;;reACtion mixture, the catalyst system comprising 
(a) a source of palladdu m cationsT) (b) a mono-, bi- or multidentate 
phosphine ligand, containing at least one phosphorus atom directly bound to 
two or three aliphat ic caj:bon_a_t.ojn s . as a process ligand to produae^a 
palladium-phosphine ligand complex catalyst, and (c) a s ource^o fCanj| ^§\ 
selected from carboxylic acid and halide ions. The process Tigand Cb) 
contains a moiety of the formula X-P (Al) (A2 ) , where Al and A2 each 
represent an aliphatic carbon atom which may be connected to one or more 
aliphatic or aromatic carbon atoms or both Al and A2 may be a part of at least 
S^embe-red— King including the phosphorus atom, and X represents an aliphatic 
or aromatic carbon atom which may be connected to one or more aliphatic or 
aromatic 

carbon atoms or X is a part of an organic bridging group connecting another 
identically or differently substituted phosphorus atom, the process ligand 
being fed continuously or periodically to the process as a ligand make-up 
at a temperature < 50°. The catalysts have improved stability to 
degradation during the reaction and can be efficiently regenerated and 
in-process recycled. Thus, a homogeneous catalyst was prepared by 
dissolving under nitrogen palladium acetate (370 mg) , 2,3-bis(9- 
phosphabicyclononyl) butane (589 mg) and pivalic acid (1.96 g) in freshly 
distilled Me pentenoates (98.9 g) , and adding 21.6 j^L of a 57%-aqueous 
hydrogen iodide. The catalyst showed selectivity of 87% after 86 h of use 
in a continuous carbonylation of butadiene into Me pentenoates carried out 
at 135° with parallel feeding of carbon monoxide, butadiene, the 
catalyst solution, and methanol, addnl . methanol solns . of 
2, 3-bis (9-phosphabicyclononyl)butane (166 mg/L) and pivalic acid (35 g/L) 
being fed into the catalyst feed line at room temperature 
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MARPAT 140:310272 

The present invention relates to a process for the hydroformylation of an 
optionally substituted ethylenically unsatd. compound by reaction thereof 
with carbon monoxide and hydrogen in the presence of a specific catalyst 
system. The specific catalyst system comprises (A) a source of group VIII 
metal cations, (B) a diphosphine ligand having the general formula X1RX2, 
(C) an acid with pKa < 3, measured in an aqueous solution at 18° or a salt 
derived thereof, and (D) a source of halide anions, wherein XI, X2 = 
independently an optionally substituted cyclic group .with >5 ring 
atoms, of which one is a phosphorus atom, and R = a bivalent optionally 
substituted bridging group, connected to each phosphorus atom by a sp2 
hybridized carbon atom. Furthermore some specific bidentate diphosphines 
used in this process are described. Thus, 1, 2-dibromoben2ene 9.44, 
l,4-diazabicyclo[2,2,2]octane 22.4, 9-phosphabicyclo [3 . 3 . 1] nonane 13.0, 
and tetrakis (triphenylphosphine) palladium 2.32 g were heated at 
140° to give 7.10 g (yield 50%) l,2-bis(9- 

phosphabicyclo[3.3.1]nonyl)benzene, 0.40 mmol of which was mixed with . 
methane sulfonic acid 1.0, hydrochloric acid 0.20, and palladium acetate 
0.25 mmol, and 20 mL 1-octene and heated at 120° for 5 h under 20 
bar carbon monoxide and 40 bar hydrogen to give an alkanol product >99, a 
linear alkanol product 68, and a hydrogeiiation product <1%. 
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AB Conjugated dienes (e.g., 1 , 3 -butadiene) are readily subjected to 

carbonylation to produce unsatd. esters (e.g.. Me 3-pentenoate which is an 
adipate ester precursor) by reacting the conjugated diene with carbon 
monoxide and an hydroxyl group -containing compound (e.g., methanol) in the 
presence of a catalyst system based on: (a) a source of palladium cations 
(e.g., palladium acetate); (b) a diphosphine ligand X1RX2 (XI, X2 = cyclic 
group with at least 5 ring atoms of which one is a phosphorus atom; R = 
bivalent aliphatic bridging group, connecting both phosphorus atoms containing 
from 2 to 4 atoms in the bridge which is substituted with at least one 
substituent, Ph group with both phosphorus groups bound to the 
1, 2-position) ; and (c) a source of anions (e.g., pivalic acid). 
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Highly Selective Halide Anion- Promoted 
Palladium-Catalyzed Hydroformylation of Internal 
Alkenes to Linear Alcohols 
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CODEN: 0RGND7; ISSN: 0276-7333 
American Chemical Society 
Journal 
English 

CASREACT 145:145808 
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anions is a highly efficient homogeneous catalyst (precursor) to 
selectively convert internal linear alkenes into predominantly linear 
(detergent) ales, under mild conditions. Halide anion- dependent effects 
on the hydrof ormylation reaction rate as well as its chemo- and 
regioselectivity are observed Thus, the rate of hydrof ormylation of 
thermally equilibrated internal higher alkenes increases by a factor of 
.apprx.6-7 with chloride/bromide and about a factor 3-4 with iodide, while 
the selectivity toward ales, increases to almost 100% upon addition of a 
substoichiometric quantity (with respect to Pd) of the halide anion 
source. Curiously, the regioselectivity toward linear ale. increases in 
the reverse order, i.e., iodide > bromide > chloride. From a detailed 
anal, of the products obtained with model substrates, hydrogenolysis of 
(bcope)palladium-acyl intermediates is stronglv^accelerated bv the 
presence of halide anions . From a comparison of the catalytic performance 
with some related L2Pd(OTf)2 complexes, in which L2 are bidentate 
phos phines closely related to bcope, it also appears v that the ligand plays 
a critical role in the promoting effect of halide anions. 
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AB The present invention relates to a process for the hydroformylation of an 
optionally substituted ethylenically unsatd. compound by reaction thereof 
with carbon monoxide and hydrogen in the presence of a specific catalyst 
system. The specific catalyst system comprises (A) a source of group VIII 
metal cations, (B) a diphosphine ligand having the general formula X1RX2, 
(C) an acid with pKa < 2, measured in an aqueous solution at 18^ or a salt 
derived thereof, and (D) a source of halide anions, wherein XI, X2 = 
independently an optionally substituted cyclic group with ^5 ring 
atoms, of which one is a phosphorus atom, and R = a bivalent optionally 
substituted bridging group, connected to each phosphorus atom by a sp2 
hybridized carbon atom. Furthermore some specific bidentate diphosphines 
used in this process are described. Thus, 1, 2-dibromobenzene 9.44, 
l,4-diazabicyclo[2,2,2]octane 22.4, 9-phosphabicyclo [3 . 3 . 1] nonane 13.0, 
and tetrakis (triphenylphosphine) palladium 2.32 g were heated at 
140° to give 7.10 g (yield 50%) l,2-bis(9- 

phosphabicyclo [3 . 3 . 1] nonyl) benzene, 0.40 mmol of which was mixed with 
methane sulfonic acid 1.0, hydrochloric acid 0.20, and palladium acetate 
0.25 mmol, and 20 mL 1-octene and heated at 120° for 5 h under 20 
bar carbon monoxide and 40 bar hydrogen to give an alkanol product >99, a 
linear alkanol product 68, and a hydrogenation product <1%. 
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The present invention relates to a process for the hydroformylation of an 
optionally substituted ethylenically unsatd. compound by reaction thereof 
with carbon monoxide and hydrogen in the presence of a specific catalyst 
system. The specific catalyst system comprises (A) a source of group VIII 
metal cations, (B) a diphosphine ligand having the general formula X1RX2 , 
(C) an acid with pKa < 3, measured in an aqueous solution at 18° or a salt 
derived thereof, and (D) a source of halide anions, wherein XI, X2 = 
independently an optionally substituted cyclic group with ^5 ring 
atoms, of which one is a phosphorus atom, and R = a bivalent optionally 
substituted bridging group,- connected to each phosphorus atom by a sp2 
hybridized carbon atom. Furthermore some specific bidentate diphosphines 
used in this process are described. Thus, 1, 2-dibromobenzene 9.44, 
1, 4-diazabicyclo [2,2,2] octane 22.4, 9-phosphabicyclo [3.3.1] nonane 13 . 0, 
and tetrakis (triphenylphosphine) palladium 2.32 g were heated at 
140° to give 7.10 g (yield 50%) l,2-bis(9- 

phosphabicyclo [3 . 3 . 1] nonyl) benzene, 0.40 mmol of which was mixed with 
methane sulfonic acid 1.0, hydrochloric acid 0.20, and palladium acetate 
0.25 mmol, and 20 mL 1-octene and heated at 120° for 5 h under 20 
bar carbon monoxide and 40 bar hydrogen to give an alkanol product >99, a 
linear alkanol product 68, and a hydrogenation product <1%. 
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